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T^rwnn G9 pfigoaPTrtfl ft SAMPLE FOR ANALYSIS 



This invention relates to a method of preparing a sample 
for analysis, and particularly a sample for analysis by laser 
resorption Kass Spectrometry (LDHS) in which ions are sputtered 
£ r a a condense* phase cample surface by photon bombardment ana 
are then subjected to mass analysis. 

Heny methods of LDHS are taown, and' a feature common to 
many is. the use of a matrix material in vhich the enalyte (the 
sample material to toe analysed) is dispersed. The matrix 
material can serve one or more of a plurality of functions, 
ror example it may act as ' a mediator in transferring energy 
from the photon bombardment to the sample material molecules; 
it may provide a physical and chemical environmant which 
enhances the probability of deserpUon in the desired state of 
charge and aggregation; and it may remove excess energy from 
th desorbed species through evaporation of matrix material 
molecules f rom a desorbed cluster of sample .material and matrix 

material ions. 

Four -techniques for using a matrix material to enhenoe 

* iiDMS have been described as set out below. 

The first is to dissolve the sample material together 
with a loxl excess of an inorganic salt in a solvent* place e 

• dr p of the s lution on the' target surface, and evaporate to 



dryness as described by D.V. DaviB et. el. in Analytical; 
Chemistry, £5. 1302 <1983). The sample materiel deposit is then 
irradiated Kith infra-red photons from a pulsed" HBoSymium tag 
laser. 

she second ie to mix eauimolar amounts of sample 
material and an inorganic aalt in a droplet of glycerol placed 
on the target surface « described by L.G. Wright et. el. in 
Biomedical Mass Spectrometry, 12 159 <198S>. The sample 
mixture is then irradiated with infra-red photons from a 
continuous wave carbon dioxide laser. 

Thirdly* Japanese Patent ' Specification JP62-43562 
discloses a sample preparation technique in which a solution of 
the sample material is mixed with a. slurry of glycerol end fine 
cobalt powder. A droplet of the mixture is then irradiated 
with ultraviolet photons from a pulsed, nitrogen laser. 

Eourthly f «♦ xeras et. al. (int, $r* Mass fipectrom. Ion 
Processes, Zft 53 <19'87» describe using a large molar excess of 
'a matrix material which has a strong absorption at the 
wavelength of the incident radiation. For example, the sample 
materiel is dissolved in a solution containing a thousand-fold 
molar excess of Nicotinic Acid. A drop of the solution is 
placed on the target surface, evaporated to dryness, and 
irradiated with 266nm ultraviolet photons from -a frequency 
quadrupled pulsed Neodynium tag laser. The use of e matrix 
material which has a strong- absorption for the incident photons 
represents an important distinction between this approach and 
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the . first three described because it allows the use of low 

power densities which increases, the probability of do a orbing 

intact molecular ions. 

According to this invention there is provided a method 

of preparing a sample for analysis by laser desorption mass 

.spectrometry, comprising applying a .substrate material to a 

target for the mass spectrometer to -be used; dissolving the 

sample materiel in a solvent and applying the solution to the 

substrate material on the target to be absorbed thereby; 

dissolving e matrix material in a solvent! and . applying the 

matrix material solution to the substrate material on the 

target, the solvent used to dissolve the matrix material being 

such as to release the sample material from the' substrate 

.material thereby to provide on the substrate material on the 

target, after evaporation of the matrix material solvent, en 

intimately mixed deposit of sample material and matrix material » 

• • • 

Preferably the matrix material has a strong absorption 
f r the photon bombardment used for mass spectrometry. 

Preferably the subatr&te material is applied to the 
target by a technique such as elactrospraying which provides e 
deposit with a large surface area. 

The indention will now be described by way of example 
with reference to the drawing, in which th two figures 
illustrate two methods of sample preparation in accordance with 
the invention. 



Referring to Figure 1/ 'a substrate material 1; for 
example nitrocellulose, is eleotrosprayed in known manner onto 
the central region of a rotated target stage 2 of e mass • 
.spectrometer. A mask ma? be used to ensure that the matrix 
material 1 is restricted to 8 well defined aree of known 
diameter*' The eiectrospray technique is described fully, by 
C.J, KcNeal «t* al. in Analytical Chemistry, £1 2036 (1979) » A 
drop of sample material Solution 3, for example a 10*" 5 molar 
solution* of the peptide in 0,1% egueous Trifluoroacetic Acid is 
placed onto the target 2 so aa to cover the aulas tr ate material 
deposit. The sample material solution 3 is allowed to remain 
in contact with the substrate material for a period of several 
seconds so that the peptide molecules will bind to the 
Nitrocellulose through hydrophobic interaction. If the 
solution fails to wet the substrate material surfaces & 
microscope slide cover slip can be placed on top of the droplet 
so as to encourage it to spread out over the surface. Once the 
peptide has been immobilised onto the substrate material 
surface, the droplet can be blown off with compressed gas, spun 
off, or rinsed off by either a stream of solvent or immersion 
in bulk solvent* Alternatively, the dro$lst could simply be 
allowed to dry out, but this would mean that any contaminants 
would also be left on the target surface. 

She -absorbed sample material solution can then be 
derivatised using a suitable chemical reagent or enzyme. 

A droplet of matrix material solution consisting of 



3 x 10~* molar Nicotinic Acid in acetone is then applied bo 
th target to cover the sample material deposit, The ace ton© 
soiv nt used for the matrix materiel will dissolve surface 
layer 9 of the nitrocellulose substrate material together with 
the attached peptide molecules, so that a ample material and 
matrix material become intimately mixed In the droplet* She 
droplet is then allowed to dry naturally by evaporation of the 
solvent (acetone) or can be assisted to dry by the application 
of heat or forced air. 

The loaded target 2 can then be introduced into the 
source region of a mass spectrometer for analysis of the sample 
material by bombardment with 266mn photons from a frequency 
quadrupled Neoflyraium YAG laser, in kqown manner. 

Substrate materials exhibiting highly specific binding 
properties such as immunoadsorbants can be used. 

Referring now to Figure 2, an alternative method o£ 
loading sample material onto a target .with the substrate 
material thereon is blotting* . By this means*.' sample material, 
may be transferred directly . from an Wlecfcrophoretic or 
chromatographic support onto a prepared target. The techniques 
f r perforating .electrophoretic separations and staining are 
w 11 known to those skilled in the art and descriptions may be 
found in "Electrophoresis, Theory, Techniques, and Biochemical 
and clinical Applications* by A.T, Andrews, Clarendon Press, 
Oxford, 1986. The techniques for blotting are "also well known 
and ere described in "Protein Blotting, Methodology, Research 



and Diagnostic Applications* edited by B.A, Beldo ana E.R. 
Tovey, Xarger/ Basel, 1989 • 

in one eribodiifent, a mixture of proteins is denatured 
using sodium dodecyl sulphate anfl separated Qlectrophoretically 
in a slab 21 of polyacryl amide gel. The gel is subsequently 
stained to reveal the positions of. the separated components. 
The gel 21 i a placed in a semi -dry blotting tank 22 on a filter 
paper 23 and a bottom electrode 24 and one or more targets 25 
precoated Kith a eubsttete material are placed face down on the 
upper surface of the gel 21 at the locations of the components 
or interest. The .filter paper 23 and the upper surface o£ the 
gel 21 are wetted with a solvent o£ 25rfM Tris, 192 nM glycine, 
and 20% <v/v) methanol in water.. By applying a potential 
difference of a few tens of volts from a source 26 between the 
bottom electrode 24 and the conductive targets 25, proteins are 
induced to migrate from the gel 21 towards the targets 25 wher 
they are bound by the substrate material. The targets 25 may 
then be removed, rinsed, dried, and introduced into the source 
region of a mass spectrometer for analysis by bombardment with 
266 xm photons f torn a frequency quadrupled Neodymium *ag laser. 



1. a method ©f preparing a sample £or analysis by laser 
desorption mass epectrometry, comprising applying a substrate 
material to a target for the mass spectrometer to b« used; 
dissolving the Sample material in a solvent and applying the 
solution to the -substrate material on the target to be absorbed 
ther by; dissolving a matrix material in a solvent; and 
applying the matrix material solution to the substrate material 
n the target, the solvent uaad to dissolve the matrix material 
being such as to release the sample material from the substrate 
material thereby to provide on the aubatrate material on the 
target, after evaporation of the matrix material solvent, an 
intimately mixed deposit of sample material and matrix material. 

2. A method as claimed in Claim 1, in which the matrix 
material- has a atrong absorption for the photon bombardment 
used for mass spectrometry. ' 

3» A method' as claimed in Claim 1 .or Claim 2, in which the 
substrate material is applied to the target by «lectcospraying. 

4. A method as claimed in any preceding claim, i n which the 
^sample material is applied to the substrate material by 
blotting. 



5. A method a* claimed in any preceding claim, Jn vhich. the 
ayibstrafce material is nitrocellulose. 

$. A method as claimed in any one of Claims 1 to 4, in 
which the substrate materiel is an iuraunoadsorbant, 

7. A method as claimed in any preceding claim, in whieh the 
sample material is derivatiaefl ' after application to the 
cubs t rate material and before, application of the matrix 
material solution t 

8. h methoa of • preparing a cempla' for analysis by laser 
aeeorption mass spectrometry, substantially as hereinbefore 
describes with reference to Figure 1 or rigure 2 of the drawing. 
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